On the mechanisms of cholinergic control of the sinoatrial node discharge.
It has been proposed that cholinergic agonists inhibit the sinoatrial node discharge by shifting the activation range of the hyperpolarization-activated inward current If to more negative values or by increasing potassium conductance. In the former instance, cesium will potentiate the cholinergic inhibition by blocking any residual If; in the latter instance, Cs+ and Ba2+ will antagonize the inhibitory action by blocking K+ channels. The changes in discharge induced by high and low concentrations of carbachol were studied using an electrophysiologic technique in isolated guinea pig sinoatrial node perfused in vitro in the absence and presence of different concentrations of Cs+ and Ba2+. In Tyrode solution, high carbachol concentrations (0.5-2 microM) slowed the sinoatrial node by hyperpolarizing the membrane and by reducing the amplitude of diastolic depolarization; and stopped the sinoatrial node by preventing the attainment of threshold potential. Adding Cs+ (10 mM) to carbachol increased the rate in slowly discharging sinoatrial node and induced spontaneous discharge in quiescent sinoatrial node. In high [K+]o (approximately 12 mM), carbachol slowed or stopped the slow responses and adding Cs+ accelerated or induced discharge. Both in Tyode and in high [K+]o, in the presence of Cs+, carbachol did stop the sinoatrial node. In the presence of carbachol, Ba2+ (0.1 mM) accelerated or induced discharge, as Cs+ did. Atropine (1 microM) prevented both the slowing or suppression by carbachol and the acceleration of sinoatrial node by Cs+ in the presence of carbachol. Low carbachol concentrations (0.05-0.1 microM) decreased the rate to a similar extent in the absence and the presence of a low concentration of Cs+ (2 mM, which blocks If but not K+ channels), but markedly less in the presence of 0.5-0.75 mM Ba2+ (which block K+ channels but not If). We conclude that cholinergic agonists slow or stop the sinoatrial node by a shifting the membrane potential toward the more negative subsidiary pacemaker range and away from the threshold. The results with Cs+ and Ba2+ indicate that both high and low concentrations of carbachol decrease sinoatrial node discharge by activating the I(K,ACh) channels rather than by decreasing If.